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ABSTRACT 


Foot and mouth disease (FMD) is a severe, highly contagious viral disease of 
cloven-hoofed ruminants caused by an aphthovirus of the family Picornaviridae. The 
disease in cattle is clinically characterized by fever and vesicles on the foot, in the 
oral cavity and on the mammary gland. This study was carried out to determine the 
changes in some serum biochemical parameters of cattle naturally infected with FMD 
O in Shahrekord district, Iran. For this purpose, blood samples were obtained from 
23 Holsteins with clinical signs of FMD, as well as 22 blood samples from healthy 
animals. Serum analysis revealed significantly higher levels of AST, CK, CK-MB and 
LDH activities as well as MDA, troponin I, glucose and triglycerides concentrations 
in FMD-affected cattle compared to healthy control group (p < 0.05). Serum GPx 
and SOD activities in cattle with FMD were significantly lower than those in normal 
animals (p < 0.05), while there was no significant difference in serum CAT activity 
between 2 groups of animals. It is concluded that oxidative stress and some degrees 
of myocardial and pancreatic lesions develop in FMD-affected cattle. These findings 
provided information to better understand the pathogenesis of the disease and gives 
further insight to improve supportive treatment procedures in FMD virus infection 
in cattle. 
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Introduction 


MD is a severe, highly contagious viral disease 

of cloven-hoofed ruminants. The causative 
agent of FMD is an aphthovirus of the family Picorna- 
viridae with seven strains (A, O, C, SAT1, SAT2, SAT3, 
and Asial) which are endemic in different countries 
worldwide including several parts of Asia and in most 
of Africa and the Middle East [1].The causative agent 
can be found in all secretions and excretions from 
acutely infected animals and spreads rapidly by var- 
ious direct and indirect contacts and airborne routes. 
FMD in cattle is clinically characterized by high fever, 
profuse salivation, and vesicles at the interdigital cleft 
in the oral cavity and on the mammary gland [2]. The 
disease is rarely fatal in adult animals, but there is of- 
ten high mortality, up to 50%, in young animals due to 
myocarditis [3]. 

There have been few studies conducted on patho- 
genesis of FMD in domestic animals [4,5]. These stud- 
ies generally conducted on virus kinetics in the host 
rather than the development of lesions in tissues and 
following organ failure. On the other hands , much 
of the basic knowledge about FMDV virus-host in- 
teractions is derived from in vitro studies under con- 
trolled cell culture conditions. These studies, while 
important, cannot fully address the complexity of the 
virus-host interaction at the tissue, organ and system- 
ic levels in the natural hosts[6]. Additionally, there is 
limited information in the literature about the serum 
biochemical findings of cattle naturally infected with 
the FMD virus [7]. Serum biochemical analysis can 
be a useful tool for assessing animal health and helps 
better understanding the pathogenesis of the disease. 
Therefore, the aim of this study was to determine bio- 
chemical and oxidant-antioxidant status by evaluating 
some oxidative stress parameters and serum biochem- 
ical profile in Holstein cattle naturally affected with 
FMD. 


Results 


FMDV partial gene sequence was detected using 
RT-PCR test specific for VP1 nucleotide fragment. 
The FMDV-specific band with the size of 108 bp was 
detected in the tested sample and FMDV positive con- 
trol. The positive PCR product band was the same as 
the positive control. No band was observed in the neg- 
ative control (Fig. 1). 

After sequencing of the RT- PCR products and 
preforming BLAST analysis, the FMDV VP1 gene 
fragment sequence was confirmed. Furthermore, 
alignment of the read sequences with the published 
sequences in the NCBI gene bank confirmed the pres- 
ence of FMDV serotype O in the sample (99.8% iden- 
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tity). 

The serum activities of CK, CK-MB, AST and 
LDH of FMD-affected cattle were significantly higher 
than healthy animals (p < 0.001) (Table 1). Serum am- 
ylase and lipase activities of FMD-affected cattle were 
also significantly higher than those in normal animals 
(p < 0.05) (Table 2). Serum concentration of tropo- 
nin I, glucose and triglycerides of FMD-affected cattle 
were significantly elevated in comparison to healthy 
animals (p < 0.05) (Tables 1 and 2). The result of ox- 
idative stress indices measurement is shown in Table 
3. Serum activities of SOD and GPx of FMD-affected 
cattle were significantly lower than those in healthy an- 
imals (p < 0.05), while serum catalase activity showed 
no significant difference between FMD-affected and 
healthy cattle (p > 0.05). The serum concentration of 
MDA of FMD-affected cattle was significantly higher 
than that in the control group (p < 0.001) (Table 3). 


Discussion 


Serum biochemical references of cattle naturally 
infected with FMD virus are not known. The results of 
the present study revealed that serum activities of CK 
and AST, biomarkers of muscle degeneration and ne- 
crosis, in cattle with clinical FMD were increased and 
were significantly higher than those of healthy cattle. 
Furthermore, serum CK-MB activity and concentra- 
tion of troponin I, biomarkers of myocardial dam- 
age, in cattle with FMD were also significantly higher 
than those in normal animals. Myocarditis with high 
mortality in neonate calves and lambs is a well known 
feature of FMD [1]. It has been suggested that after 
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Figure 1 

Electrophoresis of RT-PCR products. lane 1: positive control (108 
bp). Lane 2: negative control. Lane 3: positive sample (108 bp). 
Lane 4: ExcelBand™ 50 bp DNA ladder. 
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Table 1. 


Parameters associated with cardiac and skeletal muscle damage in the FMD group and control group. Data 
are expressed as mean and standard error of the mean (Mean + SE) 


Parameters FMD 
CK (U/L) 267.40 + 11.01 
CK-MB (U/L) 127.86 + 6.78 
AST (U/L) 54.50 + 3.85 
LDH (U/L) 1484.58 + 72.67 
Troponin I (ng/mL) 0.020 + 0.0013 


Control p 
140.37 + 8.47 0.001 
71.73 +3.28 0.001 
31.00 +1.02 0.001 
709.26 + 42.53 0.001 
0.016 + 0.0006 0.033 


Parameters associated with pancreatic damage in the FMD group and control group. Data are expressed as 


Table 2. 
Mean + SE 
Parameters FMD 
Amylase (U/L) 81.37 2.50 
Lipase (U/L) 39.00 + 2.03 
Glucose (mg/dL) 73.73 + 12.57 
Triglycerides (mg/dL) 22.76 + 1.53 


Table 3. 


Control p 
52.70 + 2.32 0.001 
33.26 + 1.60 0.031 
44.33 + 11.59 0.001 
16.33 + 1.08 0.033 


Parameters of oxidative status in the FMD group and control group. Data are expressed as Mean + SE 


Parameters FMD 
MDA (ng/mL) 4.58 + 0.24 
GPx (U/L) 11.70 + 0.04 
CAT (Ku/L) 1.214 0.04 
SOD (% inhibition) 27.53 + 1.23 


initial replication of FMD virus in the oropharynx, it 
disseminates to the secondary sites including cardiac 
muscle in suckling ruminants, and virus replication 
in this tissue results in cardiac degeneration and ne- 
crosis [8]. Following cardiac cell damage, CK-MB and 
troponin I is released to the blood stream and their 
serum levels elevates, as indicators of myocarditis 
[9,10]. 

AST is present in all tissues except bone, with the 
highest levels in liver and skeletal muscle. CK activity 
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Control p 
2.27 + 0.14 0.001 
14.52 + 0.77 0.002 
1.18 + 0.20 0.323 
30.79 + 1.37 0.047 


is also greatest in skeletal muscle and rapidly increas- 
es in serum following muscle injuries. On the other 
hand, serum AST activity in cows with muscle injury 
slowly increases and has longer half-life than of CK 
[11]. AST is also present in high levels in the hepato- 
cytes and its serum elevation is routinely considered as 
a sensitive indicator of hepatocyte damage, even if the 
damage is of a subclinical nature [12]. However, con- 
current serum elevation of AST with CK is considered 
as inthe dicators of muscular damage [13]. The results 


of the present study showed that during the course of 
FMD in non-suckling cattle, some degrees of injuries 
occurs in cardiac and skeletal muscles. Although the 
myocardial degeneration and necrosis and associated 
mortality is a common finding in the suckling calves, 
lambs and pigs, the myotropism and the mechanism 
of muscular damage of FMDV are not fully under- 
stood. LDH is an enzyme involved in energy produc- 
tion that is found in almost all cells of the body, with 
the highest levels found in the cells of the heart, liver, 
muscles, kidneys, lungs, and in blood cells [12]. Al- 
though determination of serum LDH activity is one of 
the most frequently performed assays as an aid in the 
diagnosis of myocardial and pulmonary infarction, it 
suffers from lack of specificity for cardiac disease [1]. 
Thus, serum elevation of LDH as was observed in the 
cattle affected by FMD indicates the involvement of 
various tissues. Elevation of serum CK-MB, AST and 
LDH activities have been reported in buffaloes infect- 
ed with FMD virus, serotype O [14]. High levels of 
serum troponin I concentration has also been detect- 
ed in calves and lambs suffered from FMD [9,10]. Al- 
though significantly higher levels of aforementioned 
parameters in cases of FMD in comparison to con- 
trol animals is noticeable, and shows some degrees of 
myocardial damage, but its clinical importance is un- 
known for authors. Very high levels of serum CK and 
troponin I has been reported in clinical cases of FMD 
in lambs and calves [9, 10]. 

The present study demonstrated that FMD in cat- 
tle increases lipid peroxidation end products which 
was indicated by the elevation of the MDA concen- 
tration in the serum of affected animals compared to 
the healthy subjects. Polyunsaturated lipids are sus- 
ceptible substrates to free radical oxidative damage 
and biomarkers of lipid peroxidation including MDA, 
are considered as a reliable marker for oxidative stress 
[15]. This study revealed decreased activities of SOD 
and GPx in FMD-affected cattle compared with the 
control group. There were also no significant differ- 
ences between the mean activities of CAT in the con- 
trol group compared with the infected group. These 
are in agreement with the findings of Khoshvaghti et 
al. (2014) that reported low serum activities of SOD 
and GPx with no changes in CAT in FMD cattle in- 
fected with FMD virus [7]. SOD, CAT and GPX are 
the first line defense antioxidant enzymes. These en- 
zymes dismutate superoxide radicals, breakdown hy- 
drogen peroxides, and hydroperoxides to harmless 
molecules (H202/alcohol and O2), respectively [16]. 
It has been suggested that lower antioxidant enzyme 
activity might be caused by the depletion of antiox- 
idant defense system occurring as the consequence 
of overproduction of free radicals induced by various 
factors, including virus infections [17]. During oxida- 
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tive stress, production of highly reactive oxygen spe- 
cies (ROS) beyond the scavenging capacity of antiox- 
idant defense mechanisms is directly involved in the 
oxidative damage of macromolecules including lipids, 
proteins and nucleic acids in tissues. Accumulating 
studies have indicated that excessive ROS production 
plays important roles in the pathogenesis of inflam- 
matory diseases. For example, ROS contributes to 
virus replication and the activation of inflammatory 
cytokines during the infection of both influenza virus 
and bovine herpes virus -1 [18]. 

In the present study serum amylase and lipase 
activity in the FMD-affected cattle were found to be 
higher in comparison to healthy animals. Increased 
serum amylase and lipase activity is used as a reliable 
biomarker for the diagnosis of acute pancreatitis in 
animals (Hoffman and Solter2008). Serum activity of 
these enzymes increases due to the leakage from the 
inflamed pancreas into the blood stream. Amylase 
and lipase have relatively short blood half-time and 
so when rise rapidly after pancreas damage, return 
to normal range within five days [19]. On the other 
hand, high serum concentrations of glucose and tri- 
glycerides in the FMD-affected cattle in parallel to 
high serum activities of amylase and lipase found in 
the present study indicate pancreatic injuries [12] 
cause by FMD virus infection. Pancreatic acinar ne- 
crosis, inflammation and regeneration are manifesta- 
tions of the acute form of FMD and diabetes mellitus 
has been observed in both experimental and natural 
cases of the disease [20]. Pancreatic degeneration 
and necrosis has been reported in a gazelle naturally 
infected by FMD virus serotype O1 [21]. It has also 
been suggested that viral replication in the myocar- 
dium and pancreas, and their associated pathologies 
are two common FMD virus infection features in the 
mouse model [22] 

Enough data is not available for the serum bio- 
chemistry of FMD affected cattle. As a conclusion, 
serum analysis elucidates oxidative stress and some 
degrees of myocardial and pancreatic lesions in 
FMD-affected cattle. These findings provided infor- 
mation to better understand the pathogenesis of the 
disease and gives further insight to improve support- 
ive treatment procedures in FMD virus infection in 
cattle. 


Material and methods 


During an outbreak of FMD in the Shahrekord district, 
blood samples (10 mL) were obtained from affected 23 cattle by 
jugular venipuncture using vacutainer tubes. Sampled cattle were 
Holstein and aged between 2 and 19 months and of both sexes (7 
males and 16 females). During the investigation the disease was 
observed within that age range. Blood samples without anticoagu- 
lant were also taken from healthy cattle (R= 21; Holstein bred and 
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age and herd management similar to the first group) originating 
from a control farm where FMD was not reported. Blood samples 
were left to clot, centrifugated at 3000 rp.m for 20 minutes and 
separated serum samples were stored at -70 °C until biochemical 
analysis. 

Samples including vesicular fluids were collected from the 
cattle showed clinical signs of FMD. These samples were placed in 
glycerol saline and kept at -20 °C until subjected to trials of virus 
detection. RNA was isolated using QIAzol (QIAGEN, Germany, 
Catalog Number: 79306) according to the manufacturer’s instruc- 
tions. One microgram of total RNA was reverse-transcribed with 
TaqMan Reverse Transcription kit (Invitrogen, Germany, Catalog 
Number: 8080234N) according to the manufacturer's instructions. 
PCR was carried out using the primers designed for a part of VP1 
gene of FMDV using GenScript Primer Design online tool. The 
sequences of primers were as follows: FMDVF: 5-TGAGTGCAG- 
GTACAGCAGAA-3’ and FMDVR: 5’-ATGGCACCGTAGTT- 
GAAGGA-3. The PCR thermal cycle reactions consisted of dena- 
turation at 95 °C for 30 s followed by 30 cycles at 95 °C for 20 s, 
55 °C for 30 s, and 72 °C for 30 s, followed by a final extension at 
72 °C for 5 minutes. The positive and negative controls prepared 
from Razi Vaccine and Serum Research Institute was included in 
each test. Six uL of the amplified products were loaded on a 1.3% 
agarose gel; visualized by staining with Green viewer 

and compared to DNA markers (Excel Band™ 50 bp DNA 
ladder, SMOBIO, Taiwan). PCR-positive samples in a volume of 
50 uL was sent to the Bioneer Company for sequencing. The se- 
quencing procedure was performed on the ABI 3730XL DNA An- 
alyzer, with a high quality of sequence analysis data (Phred Score 
(QV): = 20, Guaranteed read lengths: > 600 bp). 

Serum activities of aspartate aminotransferase (AST), cre- 
atinine Kinase (CK), creatinine kinase myocardial band (CK-MB) 
and lactate dehydrogenase (LDH), amylase and lipase, and serum 
concentration of glucose and triglycerides were measured by 
an auto-analyzer (BT 1500, Italy) using standard diagnostic kits 
(Dialab, Austria). Serum troponin I concentration were deter- 
mined by an enzyme-linked immune-absorbent assay (ELISA) kit 
(Monobind. Inc, Canada). The kit had a detection sensitivity limit 
of 50 pg/mL troponin I. The intra and inter-assay coefficients of 
variations were 0.70% and 1.00% for CK, for CK- MB 0.61% and 
0.53%, for AST 3.06% and 1.38%, for LDH 2.01% and 2.30% for 
glucose 1.74% and 1.19%, for lipase 1.01% and 0.82%, for amylase 
067% and 0.97%, for triglyceride 1.82% and 1.60%, for HDL 0.69% 
and 0.58%; and for cholesterol 0.61% and 1.22%, respectively. 

Serum malondialdehyde (MD) concentrations, also known 
as thiobarbituric acid reactive substances (TBARS), were deter- 
mined colorimetrically using Buege & Aust method (1978)[23]. 
The activity of superoxide dismutase (SOD) was measured by ni- 
trobluetetrazolium (NBT). In this method the superoxide radicals 
change NBT to blue NBTH2. By adding the serum to the studied 
material, producing of blue color by superoxide dismutase is con- 
trolled [24]. Catalase (CAT) activity was determined by using the 
Goth method (1991) [25]. Glutathione peroxidase was determined 
using the method described by Paglia and Valentine (1967)[26]. 


Statistical analysis 


All biochemical data were expressed as the mean + standard 
error of the mean. Differences between the groups were tested by 
t- test. Statistical analysis was performed by using Sigma Plot 12 
software. A p-value of less than 0.05 was considered statistically 
significant. 
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